We examined 28 suckling, weanling, and young adult rabbits with lethargy, inappetence, and mucinous, semifluid feces. Sixteen of the rabbits had intestinal lesions. In eight of these rabbits, the primary changes were multifocal to diffuse epithelial proliferation and accumulation of lymphocytes, macrophages, or both in the lamina propria of the small intestine, cecum, and sacculated colon. In two of these rabbits, the accumulation of macrophages in the lamina propria was extensive. The other eight rabbits had erosive and suppurative cecocolitis, and four of the rabbits with proliferative lesions also had suppurative cecocolitis. In Warthin-Starry-stained sections of affected intestine, curved or spiral bacteria were visible within degenerated or hyperplastic epithelium, in luminal exudate, or in both. Such organisms were sparse or not found in the other 12 rabbits, which did not have intestinal lesions. The bacteria ultrastructurally resembled intraepithelial Campylobacter-like bacteria previously observed in proliferative enteritis in a variety of species and in acute typhlitis in young rabbits. In immunofluorescence tests, Campylobacter-like bacteria in epithelial cells, crypt lumina, and in luminal exudates in both proliferative and erosive lesions bound monoclonal antibodies and polyclonal antisera prepared against intracellular bacteria found in proliferative enteritis in pigs, hamsters, and ferrets. These observations indicate that a condition similar to proliferative enteritis of swine, hamsters, and other species also occurs in laboratory rabbits.
Diarrheal diseases are among the most important causes of illness and death among domestic and laboratory rabbits (Oryctolagus cuniculus). A variety of infectious organisms are known or suspected to cause enteric disease in rabbits, but the etiology of rabbit diarrhea is not well understood; many cases occur in which a specific cause cannot be identified. Proliferative enteritis with intraepithelial Campylobacter-like bacteria is well known in pigs27, 29, 32, 33, [45] [46] [47] [48] and h a r n s t e r~~l J~.~~ and has been reported in ferrets,*JO ~h e e p , '~.~~ rat^,^^,^^ guinea pig^,^,^^ dogs,5 a foal,6 a blue and Moluccan rusa deer.14 Such a condition in rabbits has not been described, although similar bacteria in acute t y p h l i t i~~~ and histiocytic enteritis5' in rabbits have been reported. We have examined rabbits with intestinal lesions that were proliferative, necrosuppurative, histiocytic, or combinations of these, and lesions of each type contained intraepithelial Campylobacter-like bacteria that were labeled by antibodies specific for intracellular Campylobacter-like bacteria in proliferative intestinal lesions in swine, hamsters, and ferret^.^,^^,^^ These observations indicate that proliferative, histiocytic, and necrosuppurative intestinal lesions associated with such bacteria in rabbits may 73 have a common cause and that the intraepithelial bacteria in rabbits may be related to those associated with similar conditions in other species.
Materials and Methods

Case history
From 1983 through 1988, about 100 rabbits from a Tennessee rabbitry, which produces conventional rabbits and rabbits free of coccidia, Pasteurella multocida, and Encephalitozoon cuniculi, were necropsied for diagnosis of diarrheal disease. On seven occasions during which we examined a total of 28 rabbits, one or more rabbits had enteric lesions in which Campylobacter-like organisms were evident. In four cases, recently purchased individual rabbits were submitted by the University of Alabama at Birmingham Animal Resources Program staff. In the other three instances, multiple rabbits were submitted by the rabbitry owner during epizootics of diarrheal disease. Most affected rabbits were weanlings; but two individual adult rabbits were examined; and, in one epizootic, most affected rabbits were sucklings. The feces of most of the rabbits were semifluid and mucinous or pasty, although three had watery diarrhea. Passage of blood was not observed. Affected rabbits were lethargic and refused food and water but were not febrile. Most died within a few days after the onset of diarrhea.
Pathology
Rabbits submitted alive were euthanatized by intravenous pentobarbital overdose and exsanguination. Each rabbit was necropsied, and samples of trachea, lungs, nasal passages, heart, liver, spleen, kidneys, bladder, sternum, brain, stomach, duodenum, jejunum, ileum, cecum, sacculated colon, and nonsacculated colon were fixed in 10% neutral buffered formalin or in a mixture containing 10 ml40% formalin and 70 ml ethanol per 100 ml distilled water. To reduce distortion during fixation, serosal surfaces of samples of opened gastrointestinal tract were applied to pieces of stiff paper and enclosed in tissue-embedding cassettes before immersion in fixative. Sections of all tissues were stained with hematoxylin and eosin; sections of large and small intestine and cecum from each rabbit also were stained with a modified Warthin-Starry silver i m p r e g n a t i~n ,~~ and sections of small intestine and cecum from rabbits with histiocytic lesions were stained with Ziehl-Neelsen acid-fast stain.50
Microbiology
Samples of cecal contents from each rabbit were incubated in gram-negative broth and streaked on salmonella-shigella, 5% sheep blood, xylose-lysine-desoxycholate, and eosinmethylene blue agar plates. Samples of broth were streaked on salmonella-shigella and eosin-methylene blue agar plates after incubation for 18 hours. Suspected pathogens were identified with a commercial differentiation system (Minitek Differentiation System, BBL Microbiology Systems, Cockeysville, MD). Cecal mucosal scrapings and samples of cecal contents from three of the five rabbits with abundant intracellular Campylobacter-like organisms also were cultured for Campylobacter. Agar plates were prepared from Brucella agar base, Noble agar, and 12 combinations of supplements and selective antibiotics.13 Supplements included (1) iron sulfate, sodium metabisulfite, and sodium pyruvate; (2) formate and fumarate; and (3) both supplements 1 and 2. Unsupplemented medium and medium containing each of these three combinations of supplements were prepared with each of three combinations of antibiotics: (1) vancomycin, polymyxin B, trimethoprim, amphotericin B, and cephalothin;
(2) vancomycin, polymyxin B, and trimethoprim; and (3) bacitracin, cycloheximide, colistin, cefazolin, and novobiocin. Aliquots of cecal contents were suspended in five volumes of sterile phosphate-buffered saline and filtered through filters with pore sizes of 0.45 pm and 0.22 pm (Millipore Corp., Bedford, MA). Mucosal scrapings, unfiltered cecal contents, filtrates from 0.45 pm pore filters and 0.22 pm filters were incubated in tubes of thioglycolate broth prepared for Campylobacter spp. Mucosal scrapings, unfiltered cecal contents, and filtrates from 0.45 pm pore filters also were streaked directly onto agar plates of each of the above formulations and on Campylobacter blood agar plates, as were samples from broth tubes. Plates prepared from each specimen were incubated under microaerophilic, anaerobic, and high-hydrogen conditions generated in gas packs (Marion Scientific, Kansas City, MO; and Baltimore Biological Laboratories, Cockeysville, MD). For each gaseous environment, plates prepared from each sample were incubated at 37 C, 42 C, and 45 C. Plates were examined daily for 5 days. Suspected Campylobacter colonies were gram-stained with a carbolfuchsin counterstain and subcultured.
Electron microscopy
Paraffin-embedded cecal tissue from one rabbit with numerous intraepithelial organisms was prepared for electron microscopy. Blocks of tissue were trimmed, deparaffinized in xylene, re-embedded in epoxy resin, sectioned 1 pm thick, and stained with toluidine blue. Silver sections were then cut from blocks containing epithelium, stained with uranyl acetate and lead citrate, and examined and photographed in a Phillips EM 400 electron microscope.
Immunofluorescence
Deparaffinized sections of intestine from seven rabbits with erosive or proliferative intestinal lesions were tested by indirect immunofluorescence. In five of the rabbits, intracellular Campylobacter-like organisms were evident in Warthin-Starry-stained sections; in the other two, morphologically similar organisms were present in the crypt lumina or in mucinous or suppurative exudate in the lumen. Sections were incubated with polyclonal rabbit IgG antiserum and mouse monoclonal IgG antibody against intracellular Campylobacter-like organisms in proliferative intestinal lesions in swine, hamsters, and ferret^,^,^^,^^ then with fluorescein-conjugated sheep anti-rabbit or anti-mouse immunoglobulin, and examined with a Leitz Orthoplan incident microscope.
Cytotoxicity assay
Cecal contents from five rabbits with severe erosive cecocolitis were tested by cytotoxicity assay for toxins of Clostridium spiroforme and Clostridium di&ile.4 Samples were suspended in cell culture medium and centrifuged at 30,000 x g for 1 hour. Supernatants were sterilized by filtration, and serial ten-fold dilutions were mixed with CI. dzficile or Cl. spiroforme antitoxin (Department of Anaerobic Microbiology, Virginia Polytechnic Institute and State University, Blacksburg, VA) or with fetal calf serum, then transferred to microtiter plates containing CHO or BHK-21 cells. Endpoints were the highest dilutions causing cytopathic effects in 100% of the cells in the well; cytotoxicity not blocked by either antiserum was considered nonspecific. Plates prepared similarly with serial dilutions of CI. spiroforme and C1. d$-Jicile toxins (Department of Anaerobic Microbiology, Virginia Polytechnic Institute and State University, Blacksburg, VA) were included to verify the specificity and activity of the antitoxins.
Results
Gross pathologic findings
Moribund or dead rabbits had decreased skin elasticity and dry, sticky subcutis, evidence of dehydration. Most rabbits had no gross abnormalities other than pasty to semifluid mucinous ingesta in the rectum and semifluid to watery mucinous ingesta in the sacculated and nonsacculated colon. A few rabbits also had watery, mucinous cecal contents, and the ceca of two suckling rabbits were reddened and had congested ves-sels. None of the rabbits had gross lesions in the small intestine.
Microscopic lesions
Sixteen of the 28 rabbits examined had microscopic intestinal lesions. Lesions were of two general types. Eight rabbits had erosive and suppurative cecitis and colitis. Eight other rabbits had proliferative lesions of the cecum, sacculated colon, ileum, and distal jejunum, or a combination of these. Four rabbits had both proliferative and erosive lesions. The remaining 12 rabbits did not have intestinal lesions.
Mild lesions of the erosive type included multiple small foci of superficial epithelial necrosis characterized by nuclear pyknosis and fragmentation, cytoplasmic eosinophilia and granularity, and sloughing of epithelial cells, resulting in small erosions over which were cellular debris and a few degenerated neutrophils. The lamina propria subjacent to such areas contained small collections of neutrophils, and there also were focal accumulations of neutrophils in the deeper lamina propria among the crypts. The lamina propria in these areas was slightly expanded and pale, indicating mild edema. In more severely affected tissues, there was confluent multifocal to diffuse degeneration of the superficial epithelium characterized by rounding, vacuolation, and sloughing of epithelial cells (Fig. 1 ). Over such areas were extensive accumulations of sloughed cells, cellular debris, and neutrophils. The crypt lumina contained small to moderate amounts of cellular debris and neutrophils, and the lamina propria contained multifocal to diffuse accumulations of neutrophils. In some areas, the crypts were slightly hyperplastic, as indicated by increased height and basophilia of the epithelium. In a few sections, the loss of epithelium was extensive, so that large areas of mucosal surface were denuded, and the crypt epithelium also was affected, resulting in an appearance of decreased numbers of crypts.
Proliferative lesions were characterized by multifocal to diffuse hyperplasia of crypt epithelium (Fig.  2) . The epithelial cells were up to three times the normal height, closely spaced, and more basophilic than normal. There were scattered individual necrotic epithelial cells, and near many of these were a few neutrophils. Crypts in both hyperplastic and other areas contained small to moderate amounts of cellular debris. The lamina propria contained slightly to moderately increased numbers of lymphocytes, macrophages with moderate amounts of granular, eosinophilic cytoplasm, or both. In some rabbits, there were also small numbers of neutrophils. Villi in some affected areas were short and blunt and in some areas were lost entirely. There were multiple foci in which the surface or villous epithelium was thin, but there were few ero- sions. In two of the rabbits with proliferative enteritis and cecitis, the lamina propria of the affected organs contained numerous large macrophages with finely granular eosinophilic cytoplasm, and, in some sections, there also were a few giant cells of both Langhans and foreign-body types (Fig. 3) . Acid-fast bacteria were not evident in Ziehl-Neelsen-stained sections.
In Warthin-Starry-stained sections from four rabbits with extensive proliferative lesions, numerous narrow, curved, or short spiral bacteria were evident in the apical cytoplasm of hyperplastic crypt epithelial cells and associated with individual necrotic epithelial cells ( Fig. 4) . In two rabbits with severe erosive cecitis, such organisms were within the cytoplasm of degenerated surface epithelial cells and in luminal exudate or mucosal crypts, especially in association with sloughed epithelial cells. Other rabbits with either proliferative or necrosuppurative lesions had curved or spiral bacteria in luminal exudate or in mucosal crypts, but not within the epithelium. The organisms were most numerous in rabbits with severe lesions and were sparse or not found in the rabbits without lesions.
Microbiologic results
pathogens, were isolated from any of the rabbits.
Electron microscopic findings
Morphologically similar bacteria were in the cecal lumen, crypt lumina, and within epithelial cells No Campylobacter species, nor any other enteric (Fig. 5 ). The organisms were 0.29 to 0.3 1 pm in diameter and up to 2.1 pm long; shorter ones were curved rods, whereas longer ones had the shape of a short spiral with two or three turns. The organisms had flagella, but we could not determine whether the flagella were single or multiple nor whether the flagella were at one or both ends or elsewhere on the bacterial cells. A few of the bacteria contained discrete, round, vacuole-like, electron-lucent bodies. Most intracellular organisms were in otherwise empty spaces that did not have identifiable membrane boundaries. The enterocytes were severely degenerated, having lost their microvilli and most of their internal organelles. Their cytoplasm was amorphous, with variously sized and shaped electrondense, amorphous masses, and the nuclei had heavily clumped chromatin or were fragmented.
Immunofluorescence
Numerous strongly fluorescent organisms were in the tissues of each of the seven rabbits tested. In five of these rabbits, fluorescent material was in the apical cytoplasm of the enterocytes (Fig. 6) , and in all seven rabbits, such organisms also were in crypt lumina and in luminal exudates. One of these rabbits was one of those with extensive accumulation of macrophages in the lamina propria, and the macrophages also contained fluorescent particles.
Cytotoxicity assays
Three of the five samples of cecal contents tested were not cytotoxic. The other two were cytotoxic at the lowest dilution tested (1 : 10); however, toxicity of these samples was not blocked by antiserum to the toxins of either CI. spiroforme or CI. dificile.
Discussion
Proliferative enteritis with intraepithelial Campylobacter-like bacteria occurs in pigs,27,29,32,33,45~8 hamour observations show that a similar condition also occurs in Oryctolagus rabbits. The histiocytic accumulation accompanying proliferative enterocecitis in sters,l1.17,55 and various other species ;5-8,10,14,15.23,43,52-54  Fig. 4 . Cecum, rabbit 16002A. Numerous curved bacteria in apical cytoplasm of hyperplastic crypt epithelium and associated with individual necrotic epithelial cells (arrows). Warthin-Starry. some of these rabbits appeared to be identical to that previously reported as histiocytic enteriti~.~' In that report, epithelial hyperplasia was evident in illustrations, although not mentioned in the text, and epithelial cells contained bacteria ultrastructurally similar to those we examined. In another report describing an acute cecitis of young rabbits with intraepithelial Campylobacter-like bacteria,42 the lesions were erosive and suppurative, as in some of the rabbits we examined, and the intracellular bacteria closely resembled those we observed. A few of our rabbits had both proliferative and acute lesions, and the intracellular bacteria in both types of lesions reacted with antibodies specific for intracellular Campylobacter-like bacteria found in proliferative intestinal lesions in swine, hamsters, and ferret^.^^^^^^^ Thus, the proliferative, histiocytic, and acute lesions in these rabbits, as well as in previously described cases of histiocytic enteritis5' and acute ceiti is,^^ probably represent a spectrum of lesions associated with the same or similar organisms. If so, the occurrence of exudative and necrotizing lesions in addition to epithelial hyperplasia is another similarity with proliferative enteritis of swine and ham- enterocecitis with intraepithelial Campylobacter-like bacteria demonstrable in Warthin-Starry-stained sections. We also are aware, through consultation requests, of three similar cases from Michigan. Inasmuch as apparently related conditions were described from other locations in the United States42 and Japan,51 and because rabbits in Scotland were found to have naturally occurring antibodies against the organisms,26 infection with intracellular Cumpylobacter-like bacteria appears to be widely distributed among rabbits.
The etiology and pathogenesis of proliferative enteritis associated with intraepithelial Cumpylobacter- like bacteria are poorly understood. The consistent location and morphology of the organisms and the similar general characteristics of the lesions in a wide variety of host species implicate the intracellular bacteria as the etiologic agent or agents. The disease can be produced in pigs and hamsters by inoculation with preparations of homogenized intestinal tissue containing intracellular Campylobacter-like bacteno longer pathogenic after passage through filters that retain bacteria. 17, 18, 34 Successful treatment of the condition with antibiotics in rabbits5' and ferrets22 also supports the contention that bacteria have at least a contributing etiologic role. Cultural isolates of the intraepithelial bacteria have not been obtained, however, and have not been shown to reproduce the natural disease in gnotobiotic hosts. Thus, the etiologic role of the intraepithelial Campylobacter-like organisms has not been established conclusively, and it is not known whether or not interactions with other agents contribute to the pathogenesis of the disease. It also is not certain that other agents do not cause proliferative enteritis in host species affected by enteroinvasive Campylobacter-like bacteria, since similar lesions characterize murine transmissible colonic hyperplasia, in which the causative bacterium, Citrobacter freundii biotype 4280, is not found within affected enterocytes.I9
Efforts to identify the intracellular bacteria in proliferative enteritis of swine and hamsters have not been successful, and few studies of those i n other species have been done. The appellation "Campylobacter-like" results from the morphologic resemblance of the organisms to bacteria of the genus Campylobacter, I 1,17,20,41,42,45,47,5 1,55 although morphologic characteristics are of little taxonomic value since various other bacteria of the family Spirillaceae have similar features.21 Various species of Campylobacter, including Campylobacter m u c o~a l i s ,~~~~~~~~ Campylobacter hyointestinalis, I 2 and Campylobacter j e j~n i ,~~,~~ have been isolated from affected pigs and hamsters, and, in some studies, rabbit antisera against C. mucosalis and C. hyointestinalis labeled the intracellular organisms in intestines of pigs with proliferative e n t e r i t i~.~,~~,~~ Cultures of Campylobacter species isolated from naturally affected pigs and hamsters have not been shown to cause proliferative e n t e r i t i~,~.~~.~~.~~ and, because some rabbits have naturally occurring antibodies against the intracellular organisms,26 the antisera used in some immunofluorescence studies may not have been specific for c. mucosalis and c. hyointestinalis. Although in one study a monoclonal antibody specific for bacteria of the genus Campylobacter also labeled the intracellular organisms in swine and hamsters, another monoclonal antibody specific for Campylobacter jejuni ria, 1. 1 1,16-18,20,30,31,34,38,40,41,44 and these preparations are and Campylobacter coli did Antisera against Campylobacter species, when raised in animals without pre-existing antibody against intracellular Campylobacter-like organisms, also do not recognize the intracellular bacteria.26~27.36~40~49 Neither polyclonal antisera nor monoclonal antibodies specific for intracellular Campylobacter-like organisms in pig intestine label bacteria of known Campylobacter species.26,27,36,37,39-41 The protein composition of intraepithelial bacteria from affected swine is considerably different from the compositions of C. mucosalis, C. hyointestinalis, C. jejuni, and C. ~o l i .~~ Most evidence thus indicates that the intracellular bacteria in proliferative enteritis of swine and hamsters are not closely related to known Campylobacter species. The intracellular bacteria in affected pigs, hamsters, and ferrets have at least one apparently unique antigen in common,9,26,37 and our results indicate that these organisms also share antigens with Campylobacter-like bacteria in the rabbits we examined. Whether or not the intraepithelial bacteria in proliferative enteritis in pigs and hamsters are the same as those in other host species is unknown.
